Environmental factors affecting the species composition of periphytic diatom assemblages were analyzed in the partly polluted Asa River, in Tokyo, Japan, using principal component analysis, individual differences scaling and direct gradient analy sis. The effects of water pollution, seasonal change of temperature, and substrate
Introduction
The aim of this study is to determine the environmental factors influencing the species composition of periphytic diatom assemblages in a partly polluted, typically suburban river in Japan.
It is well known that diatom assem blages in rivers vary spatially and temporally.
Spatial variation is sometimes caused by envi ronmental degradation such as water pollution (LANCE -BERTALOT, 1978) and acidification (LAMPKIN and SOMMERFELD, 1982) , or by varia tions in natural conditions such as substrate (TUCHMAN and STEVENSON, 1980; STEVENSON, 1983 ) and light intensity (STEINMAN and MCINTIRE, 1986) . Although the effects of these causes have been studied by both experimental methods e.g., using laboratory streams, and field surveys, it is difficult to know which factor is more important to diatom assemblages in a specific natural water.
To answer this kind of question, multivariate analysis of ecological data is appropriate.
Multivariate analyses are being used increas ingly in studies of ecological communities (KENT and BALLARD, 1988) . As for studies of diatoms, multivariate methods have been used by many authors to detect the effects of various environmental factors, such as acidity (HUTTUNEN and MERILAINEN, 1983) , concentra tion of nutrients (VARIS et al., 1989) , tempera ture (WEHR, 1981) , conductivity (FLOWER and NICOLSON, 1987) , and water pollution (DESCY, 1979; CHESSMAN, 1986) . Multivariate analysis comprises a large number of methods (GAUCH, 1982; DIGBY and KEMPTON, 1986; LUDWIG and RAYNOLDS, 1988 NOEST et al. (1989) , and multidimensional sca ling (MDS) by MINCHIN (1987) . Principal com ponent analysis (PCA) is also popular (KENT and BALLARD, 1988 ) and said to be effective (FEOLI and FEOLI-CHIAPELLA, 1980 (There was no chance to use DCA and CCA.)
PCA turned out to be the most effective for the purpose of this study; only PCA distinguished all three environmental factors and revealed the association among the factors and species.
The often-criticized distortion of PCA (CLYMO, 1980; GAUCEH, 1982) was not negligible in this study, but it did not make difficult the interpre -tation of the results. To characterize the major species, direct gradient analysis was also used (see GAUCH, 1982) . In addition, the output of INDSCAL will be mentioned, since it created some unique results.
The results of PCA derived from the prelimi -nary data (120 samples) were reported previ -ously (KATOEI, 1988) 
2-3. Data analysis
The original data of diatoms consisted of 173 taxa.
To reduce the number of zero entry and to make the data set compact, forty-one taxa whose maximum relative abundance in all the samples was larger than 3% were selected as variables (Table 2) . Factor loadings and prin- (November, 1986) , the values measured in the previous survey conducted in September, 1986 were used to obtain the moving average. This average was used in the present study, because it is assumed that diatom assemblages reflect their environmental conditions throughout their life about one or two months in assemblages with many cells (WATANABE and SUZUKI, 1989; TANAKA and WATANABE, 1990) , and because it was reported that the species composition may change more or less after the change of environ mental conditions (FUKUSHIMA et al., 1986) .
Each taxon was characterized by the factor loadings and further with direct gradient analy sis (GAUCH, 1982 Figure 1a is a scatter plot matrix of the principal component scores. Arch-shaped three-dimensional distortion is easily seen. Figure 1b shows the result of fitting a surface through the plots by least squares. The valley-shaped surface reflects the most impor tant variation in species composition at least in the first three principal components, and the The effect of substrate can be seen in the first, second, and fourth components (Table 3) .
Both Wilcoxon signed rank test and simple sign test (see SOKAL and ROHLF, 1981) dominant species were C. placentula in summer and autumn, N. dissipate in winter, and N.
hantzschiana RABN. in spring.
Individual differences scaling shows that the effect of substrate is quite small compared with that of the seasonal change (Fig. 7a) . It also indicates that the configuration of the stations changes seasonally. In September, the differ -ence between Stations 1-6 and Stations 7-15 is obvious: the weight of the axis 2 was little ( Fig.   7a ) and the configuration of the stations in -dicated in Figure 7b was evaluated along the axis 1. While, in March, Station 1, Stations 2-5 and Stations 6-15 are clearly separated because the weight of the axis 1 was little (Fig.   7a ).
Discussion
The previous study (KATOH, 1988) has shown that water pollution is the most important fac- In previous works, water temperature, light intensity, and nutrient dynamics have been discussed in rela -tion to the seasonal change of algal community (MULLER-HAECKEL and HAKANSSON, 1978; WEHR, 1981; BOTHWELL, 1988; SABATER, 1990) . In the present study, the change of water temperature seemed to be the main cause of the seasonal change in species composition of diatom assem -blages. However, it must be noted that the effect of water temperature on diatom assem -blages is more apparent in less polluted waters (see Fig. 3a ).
Except for a few studies (TUCHMAN and STEVENSON, 1980; STEVENSON, 1983) , most authors have concluded that the difference of substrate does not cause variation in species composition (MILLIE and LOWE, 1983; REITER,1989; WATANABE and SUZUKI, 1989) . However, the present study, with sign test and Wilcoxon's test, suggests that differences in substrate have both their own effects (Fig. 4) and indirect effects through water quality and water temperature (Table 3) . The result of individual differences scaling shows that the variation in species composition caused by these effects was much less than the seasonal change. Therefore, it is concluded that a difference in substrate causes little varia -tion in species composition; it may even be negligible in some cases, especially in studies using multivariate methods.
One criticism of this approach may be that dead leaves flowed down from the upper part of the river so that assemblages attached to them merely reflect the environment of the upper stream where pollution is not severe. But the facts that assemblages on dead leaves devel -oped under warmer conditions as the second principal component score indicated, and that water is cooler in the upper part of a river, argue strongly against this possibility. 
